Object. The purpose of this study was to determine the incidence rate and risk factors of surgical site infections (SSIs) in neurosurgery for any type of surgery and any American Society of Anesthesiologists class.
I
ncIdence of SSIs in neurosurgery is usually low. However, their consequences in terms of morbidity and death can be so disastrous that studying their specific risk factors is of major importance for determining any preventive strategies. 18, 28 The number of SSIs in neurosurgery is so small that risk factor survey designs have to include large sample sizes to detect any significant series of infection cases. To find just 50-150 SSIs, 3, 16, 30 inclusion periods for retrospective surveys have been reported to be 6-14 years long. As for prospective surveys, they report few cases of infections because they are conducted in a short period of time. 25 To our knowledge, this exhaustive 18-month prospective survey is the first that has been performed in neurosurgery in France.
Preoperative risk factors can be described according to the NNIS System index. This score has been built to predict the risk of developing an SSI according to surgical procedure. 8 This score includes the following risk factors: 1) the ASA score; 2) the Altemeier surgical site class; and 3) the operation length.
This survey had 4 objectives: 1) determining specific risk factors; 2) identifying at-risk patients; 3) verifying the NNIS validity for neurosurgery patients in our hospital; and 4) examining antibiotic prophylaxis administration.
Methods

Patient Population
A total of 844 patients were considered for analysis during the study period, although some data were missing. Of the patients studied, 16 .6% were in the intensive care unit. The patients' mean age was 55 years (median 54 years), 53.7 ± 15.8 for men and 56.7 ± 15.9 years for women. For other variables, 4.7% of patients were up to 80 years of age, and 40.9% had an ASA score of 2, whereas 27.8% had an ASA score of 3. In 69 patients an antibiotic had been prescribed within the 10 days prior to surgery. Pulmonary tract, neurological, urinary tract, skin, and alimentary tract infections were found in 25, 22, 15, 2, and 1 patient, respectively. The infection site was not specified in 4 cases. Most patients (569 vs 225) had a preoperative stay of > 48 hours (no reliable information was available for the other 50 patients).
Study Period
Between September 2000 and March 2002, an exhaustive survey including 844 patients was conducted. The follow-up duration was 30 days for patients whose surgery did not involve placement of a prosthesis or implant, and 1 year for patients who underwent surgery to place a prosthesis or implant.
The interventions were classified into 4 categories as recommended by the NNIS System: 1) craniotomy (aneurysm, cranioplasty, craniotomy, tumor excision, dural hematoma, vascular malformations, or intracranial pressure monitoring); 2) spine surgery (arthrodesis, biopsy, tumor excision, laminectomy, or disc displacement); 3) CSF surgery (external and internal shunts, CSF fistulas); and 4) peripheral nerve surgery (neurolysis, tumor excision).
Patient Cohort
Patients were ≥ 16 years of age and had undergone neurosurgery at Brest University Hospital (Brest, France). Exclusion criteria were as follows: tracheotomy as the primary surgery, interventions whose aim was not specifically neurosurgical, and patients < 16 years of age.
Data Collection
Three main sets of data were collected on a daily basis by a single investigator. The first set concerned general and preoperative information: age, sex, date of hospitalization, operation date (allowing calculation of the length of preoperative stay), recent hospitalization history (length of stay in other wards or at home, emergency admission, and intensive care unit), ASA score, antibiotic prescription 10 days before the operation, infection site, recent neurosurgery (up to 30 days before), a recent immunotherapy (corticosteroid therapy, chemotherapy), permanent urinary catheter, central vascular catheter, patient with multidrug-resistant bacteria, alcohol and tobacco habits, and drain placement for > 72 hours.
The second set of data concerned the surgical procedure: operation date, number of reoperations and their location, surgery planning (elective surgery, delayed surgery, or emergency surgery), surgical site classification (clean, clean-contaminated, contaminated, dirty, or infected sites), length of operation in minutes, and the use of prophylactic antibiotics according to the Societé Française d'Anesthésie Réanimation guidelines. 1 For external CSF drainage, no antibiotic prophylaxis is necessary, and for craniotomy a 2-g cefazolin injection is given and a rein jection is made if the surgery lasts > 4 hours.
For atrial or peritoneal CSF a 2-g oxacillin injection and a reinjection of 1 g is made if the surgery lasts > 2 hours. For allergic patients a 15 mg/kg injection of vancomycin is given 90 minutes before incision.
The third set of data concerned information related to the postoperative period: further surgery; external shunt; CSF leakage (internal or external); and diagnosis of SSI with beginning date, related germs, and infection site.
Definition of SSI
The SSIs were classified according to the Centers for Disease Control recommendations, 9 and diagnosis was made by the surgeon or by the medical practitioner in charge of the patient. The recommendations are as follows: 1) superficial SSI limited to the suppuration of wounds, disunion of scars, and abscess of the scalp or wall; or 2) deep SSIs like osteitis, or organ or space SSIs such meningitis, ventriculitis, osteomyelitis, or abscess.
Statistical Analysis
Outcome data are given as the mean ± standard deviation and median. The chi-square test or Fisher exact test were used where appropriate, significance was set at a probability value of 0.05, and 95% CIs were calculated. Univariate and multivariate analyses were conducted with EpiInfo6 and SPSS 10 software, respectively. The objective of the univariate analysis was to determine the risk factors linked to SSI, and then to conduct multivariate analysis. Thus, all variables that were found to be linked to SSI at a 20% level of significance were included in the multivariate analysis, and then the odds ratio and the 95% CIs were calculated. The statistical method is hierarchical in a backward manner, because we started working from the largest model to the smallest. Factors that were neither associated in univariate analysis in our study nor in the literature as risk factors have been excluded. To sum up, a stepwise multiple logistic regression method was used, in which the Hosmer-Lemeshow test was performed.
Although the ASA class and operation duration were not found as dependent variables, they were entered into the regression model.
Results
Surgical Procedures
Surgery was classified as clean, clean-contaminated, contaminated, and dirty in 85.6, 11.2, 1.4, and 0.8% of patients, respectively. Five percent of operations were conducted with a local anesthetic. Craniotomy, spine surgery, CSF drainage, and peripheral nerve operations were performed in 356 (42%), 329 (39%), 142 (16.8%), and 16 (1.9%) of the patients, respectively. The mean operating time was 76 minutes, and the median time was 65 minutes (see Table 1 ).
An NNIS index of 0 was found for 52.3% of patients, whereas an NNIS index of 2 was found for 7.9% of patients. Of the operations studied, 42.2% consisted of placing a prosthesis. Whereas 75% of patients did not have to return for further surgery, 20% had to return at least once. The "further surgery" variable was a continuous variable, ranking from 0 to 10 operations, and was collected in the 30 consecutive days after the main surgery.
Prophylactic Antibiotics
Prophylactic antibiotics were used for 512 patients. For 7% of them it was an excessive use. On the other hand, 33% of people who should have received antibiotic prophylaxis did not. The main mistakes in antibiotic prophylaxis administration are presented in Table 2 . In this study 48 patients received antibiotic treatment after surgery.
Surgical Site Infection
During the study period, 35 patients developed an SSI; hence, the average incidence rate was 4.1% (95% CI 3.6-4.5). Thirteen (37.1%) of the SSIs were incisional infections, 7 (20%) were deep, and 15 (42.8%) occurred in brain parenchyma or subdural space. Most of the SSIs were diagnosed in the surgical unit, although 41.3% were diagnosed after patients' discharge from the unit. In 75.8% of SSIs, Staphylococcus aureus was the main bacteria species incriminated, whereas aerobic gram-negative bacilli and gram-positive bacilli were each responsible for 3.4% of SSIs. Methicillin-resistant S. aureus was responsible for 17.2% of SSIs.
Risk Factors for SSIs
The univariate analysis pointed out that CSF leakage, external CSF drainage, a recent neurosurgery prior to the current neurosurgery, the length of preoperative stay, Altemeier class, and surgery planning circumstances were associated with SSI development (Table 3) . On the other hand, antibiotic prophylaxis, sex, NNIS risk index, prosthesis placement, drain placed for ≥ 72 hours, length of operation, preoperative infection, tobacco and alcohol consumption, and immunosuppressive agents were no longer significantly associated with SSI occurrence (Table 4) . Table 3 summarizes these main findings.
Multivariate analysis pointed out some predictive independent factors of SSIs (Table 5 ). First-stage interactions were examined between recent neurosurgical pro cedures and CSF leakage, programming mode and Al temeier class, further surgery and external CSF drainage, ASA score and length of hospital stay before surgery, age and surgery planning, ASA score and surgery planning, and CSF leakage and external CSF drainage.
We could not show any modification of the effect, and the terms of interaction have not been entered into the final model because they did not improve the prediction. The Wald test value shows that the infection risk is more important for patients who suffered from CSF leakage, further neurosurgery, external CSF drainage, and less favorable Altemeier class. These are independent predictive risk factors of SSI.
Discussion
To our knowledge, this is the first exhaustive and prospective 18-month study on SSIs in neurosurgery in * ANOVA = analysis of variance; OR = odds ratio. † The means are significantly different; a significant difference was found in the length of preoperative stay between patients who developed an SSI and those who did not. The average length of preoperative stay was greater in the infected than in the noninfected group (21.3 vs 3.9 days, respectively; see Table 4 ).
France. This kind of study is indeed difficult to conduct and is time consuming for fieldworkers. Only Wenzel et al. 29 have designed a daily prospective surveillance of all patients.
The SSI incidence was 4.1% (95% CI 3.6-4.5), close to that obtained in the retrospective study by van Ek et al., 26 and more recently in prospective studies in craniotomy. 15, 23, 25, 27 Staphylococcus aureus is the most common germ in incisional as well as in deep wound infections. Multiply resistant bacteria accounted for 17.2% of infections, which is similar to results in other studies. 3, 4, 10, 16, 17 Independent risk factors found to be significant in this study were CSF leakage, external CSF drainage, and early further surgery. On the contrary, surgical duration, the NNIS score, and Altemeier class were no longer significant risk factors even in univariate analysis. These results are similar to those obtained in the multicenter study reported by Korinek. 12 This suggests that the risk of contamination is likely to begin during surgery and to persist in the postoperative period, especially if CSF leakage or CSF drainage exist.
Bacteriological outcomes, with a predominance of antibiotic-resistant microorganisms, might support this hypothesis. Deep (organ or space) SSIs were the most prevalent ones (43%). This figure is close to that given by the Centers for Disease Control, 19 and also to that of the French national surveillance program. 10 In univariate analysis, no relationship was found between the lack of antibiotic prophylaxis and SSI occurrence. Nevertheless, antibiotic prophylaxis in neurosurgery is still a matter of debate, especially for CSF surgery, 6, 22, 24 where SSI rates rank from 5 to 20%. 5, 7, 28 These articles report studies in children. Although we excluded young people < 16 years of age, we are not aware of any well-known studies in the adult population.
Antibiotic prophylaxis is also a matter of debate in preventing postoperative meningitis. Korinek et al. 13 thought that perhaps a longer period of antibiotic coverage might prevent meningitis in patients at risk for CSF leakage. A multivariate analysis 14 reported that for CSF surgery, antibiotic prophylaxis use could cut down the infection rate by 50%. In our study, the simplification of the antibiotic prophylaxis procedure in December 1999 can explain the improvement in the appropriate use of antibiotics: from 35% appropriate use in 1999, it rose to 72.5% in 2001 (our unpublished data). At present, when antibiotic prophylaxis is indicated and when operation duration is > 4 hours, a single injection is given. This procedure is displayed in all neurosurgery operating rooms. This new simplified procedure appears to be better accepted by surgeons and physicians (our unpublished data). However, we did not report any more mistakes for patients undergoing emergency surgery than in those in whom surgery had been delayed. This has already been reported in another recent study. 2 We took into account a 90-minute delay before the incision, which is in line with the 2001 French recommendations. 1 In addition, antibiotic prophylaxis procedures raise some issues. For instance, it is known that the placement of a neuromedullary device is made in 2 stages. At each stage there is a specific antibiotic to administer. Nevertheless, the current surgical procedure does not take into account the contamination risk of the subsequent surgery, which takes place ≥ 24 hours later, hence requiring a longer duration of hospitalization. In that case, shouldn't we use a broader-spectrum antibiotic such as vancomycin even if there is a risk of modifying the bacteriological ecosystem of the ward? This antibiotic is given to patients who are allergic or to those colonized by methicillin-resistant S. aureus.
1 It must be administered during the 1.5-2 hours before incision. Instead of that, patients receive it only in the 5-30 minutes before incision in the operating room. To administer antibiotic prophylaxis correctly preoperatively, it would be necessary to perform perfusion in patients before their departure to the operating room, which would mean reorganizing the health care unit.
Choosing a 20% significance level for multivariate analysis has been a matter of concern. Indeed, whereas authors in favor of this choice argue that a 5% level of significance is too restrictive, 4, 11 Olsen et al. 20 used a 5% level of significance for input variables and a 10% level for output variables; Korinek and colleagues 13 entered all variables that were found in the univariate analysis to be associated with the occurrence of SSIs; and the French uses a 10% level of significance for both input and output variables. Actually, it appears that there is no consensus on this choice; however, a 20% level of significance is favored by multivariate analyses. 4, 11 In the end, multivariate analysis highlighted 2 main independent risk factors for infection: CSF leakage and a recent reoperation. These 2 factors cannot be predictive in the preoperative period and they instead might indicate technical difficulties with the surgery. These point out the necessity of closing the incision with great care and of using nonporous material.
The NNIS score has not been found to be associated with the SSI occurrence. In addition, the 75th percentile values for operation durations were always lower than those given by the NNIS. Thus, the operation duration was < 2 hours for craniotomy, and < 1 hour for spine surgery, CSF surgery, and peripheral nerve surgery. These results are similar to those of the French surveillance program. 2 As a result, in neurosurgery it is better to use the French operation durations rather than the NNIS values. Furthermore, SSI occurrence was associated with the Altemeier class only (1 of the 3 NNIS components). Therefore, using the NNIS values appears to be important for comparing different domains of surgery, but does not appear to be indicated when comparing individuals.
Conclusions
Multivariate analysis is essential for determining independent risk factors of SSI. The SSI incidence rate in neurosurgery was 4.1%, similar to the general infection rate. 21 Leakage of CSF and a recent reoperation are the 2 main risk factors. Therefore, they could be prevented by an improved technique, which in turn should help to decrease the need for surgical reexploration.
As prospective 16 and retrospective 3 surveys have shown, CSF leakage is the main cause of meningitis. External shunts were associated with SSI occurrence according to both univariate and multivariate analysis. In this study, the term "external shunt" was used for shunt placement or shunt checkup. Hydrocephalus and shunt flow obstruction lead to abnormal flows and increase infection risk. One of the difficulties in preventing SSI associated with CSF shunts is the small number of predictive factors-early reoperation is actually the only one. 16 Regarding the Altemeier classification and external shunt placement, the only prevention consists of a close surveillance of patients.
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